INTRODUCTION
Malnutrition is defined as a structural and functional alteration of the body composition. Although the term malnutrition is commonly used in the sense of undernutrition, it encompasses both weight loss (undernutrition) and weight gain (overweight and obesity). The physiological basis of undernutrition and obesity is the deficit (undernutrition) or the excess (obesity) of calories that results in measurable adverse effects on clinical outcomes [1] [2] [3] [4] [5] . The equilibrium between the total energy requirements, nutrient intake and utilization is mediated by hormonal and cytokine stimuli that induce the activation of intracellular metabolic pathways.
Previous papers have found that the prevalence of hospital undernutrition varies between 27% to more than 50% depending on the identification criteria, the medical or surgical setting and the age of the patients [6] [7] [8] [9] [10] .
It is important to identify and treat undernutrition because it has been associated with a higher likelihood of hospitalization, a prolonged (by 29%-65%) hospital stay [11] [12] [13] [14] [15] and an increase in costs of up to 68% [16, 17] . Moreover, it must be emphasized that hospital undernutrition worsens if untreated [18] . Today, many health care workers do not recognize malnutrition and do not consider nutrition as one of the more relevant aspects of the clinical management of patients [19] . The risk of undernutrition can be identified using different validated nutritional screening tools, such as the NRS-2002, MUST, and the MNA [20] [21] [22] . Of note, the prevalence of overweight and obesity has been steadily growing in the general population and among inpatients and represent important risk factors of morbidity and mortality [23] [24] [25] [26] [27] .
Currently few data are available in the literature about the prevalence of undernutrition and the risk of malnutrition among Italian inpatients and outpatients, particularly in the gastroenterological setting. The Italian multicenter HOMIS study identified undernutrition in 19 .1% and obesity in 24.8% of its patients [28] . Another Italian multicenter study, PIMAI, reported a prevalence rate of undernutrition of 30.7%, a risk of malnutrition, evaluated by the NRS-2002, of 28.6% and a rate of obesity of 21% [29, 30] . The nutritional state of Italian gastroenterological patients has been described in an Italian multicenter study [31] that involved twenty-seven gastroenterology units.
The study highlighted a mean of 27% of undernourished patients with a wide range (4% to 55%), probably due to the lack of appropriate nutritional assessment. Consistent data on the prevalence of malnutrition in gastroenterology units have been limited to a few subsets of patients such as those with cirrhosis [32] [33] [34] [35] [36] and Crohn's disease [37] [38] [39] . Similarly, the prevalence of obesity in Italian gastroenterology centers has not been adequately studied, although it is an important risk factor for many gastroenterological diseases [40] [41] [42] , and it seems to affect approximately 12% of discharged patients [43] . The aim of this study is to measure the prevalence rate of undernutrition, risk of malnutrition and obesity in the Italian gastroenterological population suffering from acute, chronic and neoplastic disease.
MATERIALS AND METHODS

Study design
This was an observational, cross-sectional and prospective multicenter study that was urged and supported by the Italian Hospital Gastroenterology Association (AIGO).
Nineteen Italian Gastroenterological Units and Services participated in the study, as disclosed by the AIGO website.
Inclusion criteria
All inpatients and outpatients (day hospital and ambulatory) admitted between January 14 and 20, 2013 were consecutively enrolled in the study and submitted to nutritional assessment. As this was an observational study, the sample size was determined by the number of inpatients and outpatients who visited the various centers during the study week.
Patient population
In this study, we enrolled three different categories of patients with gastrointestinal disease: (1) 
Nutritional parameters
Weight (kg) and height (centimeters) were measured in the morning in fasting patients dressed in their underwear and without shoes.
The body mass index (BMI) was calculated by dividing the weight in kg by the square of height in meters. Weight loss was calculated as the difference between the current weight and the weight in the last three-six months as reported by the patient. Patients were considered undernourished when they presented an unintentional (i.e., without voluntary dietary restriction) weight loss > 10% in the last 3-6 mo. Obesity was defined as a BMI ≥ 30, and overweight a BMI between 25 and 29.9. Obese patients were considered undernourished when they lost more than 10% of their weight while receiving their usual diet. The risk of malnutrition was calculated using three different specific tools, as shown in Table 1 .
Specifically, the calculation of the three methods are described in detail in the following text: (1) the Malnutrition Universal Screening Tool (MUST) was used for outpatients. This method was based on the BMI, the unintentional weight loss and the presence of acute disease that was able to significantly reduce nutrient intake in the following five days. The total score ranged from 0-6; a score of 0 indicated null or low risk of malnutrition, a score of 1 suggested a moderate risk of malnutrition, and a score ≥ 2 was indicative of a severe risk of malnutrition [44] . We considered a score ≥ 2 to identify patients at nutritional risk.
The Nutritional Risk Screening Score 2002 (NRS-2002) has been recommended by ESPEN to screen inpatients. This test evaluates the nutritional risk (score: 0-3) and the severity of disease (score: 0-3) with an additional point for patients ≥ 70 years old. The final score ranges from 1 to 7. The patient is considered at nutritional risk for scores higher than 3 [45] . The Mini Nutritional Assessment (MNA) is a tool for elderly patients (≥ 65 years). This tool has two parts. The first part consists of six items and results in a score between 0 and 14; a score lower than 12 is considered indicative of risk of undernutrition and leads to the patient answering the second part of the tool, which is composed of 12 items with a possible maximal score of 16. A total score < 17 is indicative of malnutrition, a score between 17 and 25 indicates risk of undernutrition, while scores > 25 are indicative of well-nourished patients [46] [47] [48] . We used the MUST and NRS-2002 to evaluate the risk of malnutrition in < 65-year-old patients and the MNA for those ≥ 65 years old.
Ethical considerations
This study was designed with the aim of obtaining epidemiological data and anthropometric measurements that did not compromise patient's safety. All data were anonymous. Patients were referred using the first two letters of their name and surname and with a consecutive number.
A written informed consent statement was obtained from each patient prior to study inclusion. The study was conducted with the consensus of the local ethical committees of each center and of all the patients.
Statistical analysis
The results were presented as the mean ± SD. Categorical data were described as frequencies. The nonparametric Mann-Whitney U test was used to compare continuous variables, and χ 2 test was used to compare categorical data. Two-tailed P values less than 0.05 were considered statistically significant.
Univariate and multivariate analyses were used to identify potential predictors of malnutrition. A linear trend test was used to assess associations with severity of disease. A stepwise backward logistical regression analysis, adjusted for age and gender and considering acute, chronic and neoplastic disease independent of each other, was performed to identify significant independent predictors of malnutrition. Statistical analyses were performed using SPSS software version 12.0 (SPSS Inc., Chicago, IL, United States).
RESULTS
Five hundred and ninety-seven patients were enrolled. We excluded from the statistical analysis five patients for incomplete data and 79 cirrhotic patients because of the negative effects of ascites and peripheral edema on nutritional parameters.
In Table 2 we report the anthropometric and nutritional data of the 513 patients enrolled in the 19 gastroenterology units participating in the study: 51.4% were males and 48.6% females, and the average age was 59.8 ± 17.8 years without a significant difference between the centers.
In total, 39.8% of the patients required hospitalization, 12.1% were DH patients and 48.1% were ambulatory patients. Approximately 30.8% of the patients were urgently hospitalized, 21.2% of the cases had a planned admission, 22.2% needed a follow-up evaluation and 25.8% were at their first medical visit.
In Table 3 we report the age, gender, medical evaluation setting and disease category of patients according to their age category.
Gastrointestinal diseases were acute in 72.1% of the cases, chronic in 16.7% and neoplastic in 11.1%. In particular, chronic diseases were more frequent in younger participants (22.6% vs 9.0% in older patients, P < 0.001), while neoplastic diseases were more represented in the elderly patients (5.6% in younger patients vs 18.8%, P < 0.001). Table 4 shows the prevalence of each pathology included in the three categories: Acute disease, chronic diseases and cancers according to age.
Undernutrition
The mean prevalence of undernutrition in our population was 12.1%:4.6% in the ambulatory and DH settings and 19.6% in patients requiring hospitalization.
The undernourished patients were affected by chronic, acute and neoplastic disease at rates of 8%, 74% and 18%, respectively.
In Table 5 we report the distribution of undernutrition, risk of malnutrition, obesity and overweight among inpatients and outpatients in both categories of age. In both categories of age, the rate of undernourished inpatients was significantly higher compared to that of outpatients.
As shown in Figure 1 , the prevalence of undernutrition in chronic, acute and neoplastic gastrointestinal diseases was 4.3%, 11.0% and 17.6%, respectively, with a prevalence significantly higher in neoplastic patients than in those with chronic disease (P = 0.03). The linear trend test showed that the prevalence of undernutrition was significantly higher in hospital admitted patients (P = 0.01).
The logistical regression analysis corrected for age, gender and acute, chronic and neoplastic disease showed that gastrointestinal cancer was a risk factor for undernutrition with an odds ratio of 2.7 (95%CI: 1.2-6.4, P = 0.02).
Risk of malnutrition
The mean prevalence of risk of malnutrition in our population was 23.8%. In Table 5 we show the prevalence of risk of malnutrition among inpatients and outpatients, and in Table 6 we report the prevalence of risk of malnutrition according to the three screening tests and age group. Of the < 65-year-old patients, the 24.7% of inpatients were at risk of malnutrition; in the elderly participants, the MNA screening tool revealed a risk of malnutrition in inpatients that was higher than that of elderly outpatients (69.2% vs 40.6%, respectively, P < 0.001). Of the outpatients at risk of malnutrition, acute and chronic gastrointestinal diseases had the same prevalence (50%); ten outpatients were affected by cancer, but none were at risk of malnutrition. In this population, only the 17.7% of patients with chronic gastrointestinal disease and 8.8% of those with acute gastrointestinal disease were at risk of malnutrition.
The inpatients at risk of malnutrition were affected by acute disease in 61.5% and by gastrointestinal cancer in 38.5% of the cases.
The elderly patients at risk of malnutrition presented chronic, acute and neoplastic disease in 5.2%, 67.0%, and 27.8% of the cases, respectively. Figure 2 shows that the frequency of risk of malnutrition increased progressively with hospitalization, reaching statistical significance (P < 0.007) in the presence of neoplasm.
Overweight and obesity
The prevalence of overweight and obesity in our population was, respectively, 28.6% and 15.6%. In Table 5 , we report the rate of overweight and obesity in outpatients (31.7% and 18.3%, respectively) and in inpatients (25.5% and 13.0%, respectively) according to age group. Moreover, the rate of overweight and obesity did not show a difference in age. The prevalence of overweight and obesity was, respectively, 28.7% and 19.1% in chronic, 29.1% and 15.7% in acute, and 26.4% and 11.3% in neoplastic disease.
In our population, we found that no obese outpatients presented a weight loss > 10% in the last 3-6 mo, while the prevalence of risk of malnutrition was 15% higher in elderly subjects (36.8%). The rate of undernutrition was 12% in the hospitalized obese patients, and the prevalence of risk of malnutrition was 13.3% in young obese inpatients and increased up to 80% in those > 65 years old. Of the overweight outpatients, the rate of undernutrition was 2%, while it was 8.9% in overweight inpatients. The rate of overweight outpatients at risk of malnutrition was 
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GERD: Gastricesophagitis reflux diseas; NAFLD: Non-alcoholic fatty liver disease; IBD: Inflammatory bowel disease.
28.3%, but this rate reached 33.3% in those hospitalized.
DISCUSSION
This study was designed to define the nutritional state of patients with gastroenterological disease. Regarding the diseases included in this study, we want to specify that cirrhotic patients were excluded because of the obscuring effect of compartmentalized ascites on body weight [31, 36, 49] . However, diseases causing reduced albumin levels, which decreases oncotic pressure and allows for diffuse fluid leakage into the interstitial space, were not excluded, as fluid retention has to be considered a direct consequence of malnutrition.
Our data found that undernutrition affected approximately 12% of all patients; in particular, we documented that the rate of prevalence of undernutrition was significantly higher in inpatients (20%) than in outpatients. This is a consequence of the fact that acute diseases requiring hospitalization reduce caloric intake because of the presence of abdominal pain, diarrhea and vomiting. The use of tools to evaluate the risk of malnutrition should allow us to focus our attention on patients who have not yet begun to lose weight.
It was also interesting to note that younger and neoplastic inpatients were more frequently malnourished than the other groups, and this was due to the high rate of chronic inflammatory gastrointestinal diseases in our younger population (IBD: 11.4% vs 1.4% and celiac disease: 3.5% vs 0% in < 65-year-old and > 65-year-old patients, respectively) and the metabolic abnormalities characterizing cancer cachexia. Indeed, logistic regression confirmed that (1) the rate of undernutrition increased with the severity of disease; and (2) gastrointestinal cancer was a risk factor for undernutrition.
Very little data can be found in the literature concerning the prevalence rates of undernutrition in gastroenterology units. In our population, the prevalence of undernutrition was similar to those reported in other European [8] and Italian studies [28] but differed from other studies [9, 29, 30, 50] because of both (1) the different tools used to evaluate malnutrition; and (2) the diverse stages of disease. In this study, we reported for the first time (1) the rate of undernutrition in gastroenterology outpatients; and (2) the correlation of undernutrition with hospital admission. Regarding the risk of malnutrition, we want to emphasize that all of the screening tools we used were well-validated in identifying the patients who would develop undernutrition in the absence of an adequate nutritional care plan and that the NRS-2002 has shown a good predictive value for mortality, length of stay and complications. Few data have been published about the risk of malnutrition in the gastroenterology population [9, 10, 50] . In this study, we demonstrated that, in the gastroenterology department, inpatient and elderly patients had a greater frequency of risk of malnutrition than outpatients and younger patients, especially if affected by cancer; additionally, this risk was lower for those with chronic gastrointestinal disease. We must also highlight the fact that the NRS-2002 in inpatients was more frequently influenced by a reduction in caloric intake than by weight loss.
In our population, the NRS-2002 disclosed a risk of malnutrition in 36.7% of the inpatients. This value was lower than that reported in a Danish study evaluating gastro-surgery patients [9] but higher than data from Romanian gastroenterology departments [50] . Moreover, while young inpatients were undernourished or at risk of malnutrition at a similar prevalence, elderly inpatients were at a greater risk of malnutrition. These data indicate that the management of malnutrition in gastrointestinal departments should have different targets according to patients' age: We should probably treat undernutrition with artificial nutrition in younger patients, while oral supplementation should be recommended to prevent malnutrition in elderly patients. Very limited data are available on the evaluation of the risk of malnutrition in outpatients. In this setting, our data indicated that patients with nutritional risk were more often affected by chronic disease, in which the catabolic effects of inflammatory cytokines influence nutritional status [4, 51, 52] .
Overweight and obesity represent another aspect of malnutrition that entails excessive fat mass in body composition. In recent years, a number of works have reported an increasing incidence of obesity in the general population, but data on the prevalence of obesity and overweight in the gastroenterological population have been limited. The average prevalence of overweightobesity in our study was 22.7%; this rate of obesity was lower than those reported in a hospital setting in previous Italian [28] [29] [30] reports but was higher than the Italian general population rate, especially in outpatients. We also found that approximately 10% of the obese and overweight hospitalized patients were undernourished and that the risk of malnutrition was present in more than one-third of the obese and overweight gastroenterological patients, with rates that reached 80% in > 65-year-old obese inpatients.
The prevalence of obesity and overweight in outpatients was higher than in inpatients but was not statistically significant.
It is not surprising that in obese patients, undernutrition and risk of malnutrition could be present at the same time. An involuntary weight loss > 10% and/or reduction in caloric intake allowed us to identify patients who, despite having excess weight, met the criteria for malnutrition or risk of malnutrition. These data indicate that we must keep in mind that even obese patients can be malnourished and that we must investigate the risk of malnutrition especially among elderly gastroenterological patients, regardless of their weight at admission.
A possible bias of this study was the voluntary participation of the gastrointestinal units including centers that paid major attention to nutritional aspects. Another limitation of this work was the difference in the population size and in the frequency of disease, which was often determined by each center's particular experience; it was thus difficult to study undernutrition and the risk of malnutrition for each single disease.
Overall, our data noted that 55% of inpatients and 22% of outpatients were undernourished and at risk of malnutrition and that half of the outpatients and nearly one-third of inpatients were obese or overweight. In our population, only 19.7% and 36.6% of inpatients and outpatients, respectively, did not present nutritional abnormalities (weight loss, risk of malnutrition, overweight or obesity). These data indicate that 80.3% of inpatients and 63.4% of outpatients would require nutritional competence in gastrointestinal units to assess the degree of malnutrition, to correctly design appropriate therapeutic programs to improve proteincaloric alterations and to prevent complications.
COMMENTS
Background
Malnutrition has adverse effects on clinical outcomes, but many health care workers do not adequately consider it as a relevant aspect of the clinical management of patients. In the literature, few data are available regarding the prevalence of malnutrition (undernutrition, obesity,) and risk of malnutrition in European and Italian gastroenterology departments, with rates that depend on the criteria adopted for their identification, the medical or surgical setting and the age of the patients.
Research frontiers
A better understanding of the prevalence of malnutrition and nutritional risk according to the severity of disease (chronic, acute and cancer) in outpatients and inpatients would facilitate the identification of patients with impairment of nutritional status and with adequate nutritional management.
Innovations and breakthroughs
For the first time, they studied undernutrition, risk of malnutrition (using three different nutritional screening tools) and obesity according to the severity of gastroenterological disease (chronic, acute and cancer) in both admitted patients and outpatients.
